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from  atmospheric  contributions,  this  poses  a  challenge  m  the  obtaining  calibrated  radiances 
required  for  retrieval  of  total  absorption  (a(J)  and  its  components  such  as  colored  dissolved 
material  and  phytoplankton,  particulate  backscattering  (bb(J)  and  the  diffuse  attenuation 
coefficient  (Kh).  These  are  the  normal  properties  derived  from  ocean  color.  However  diver 
visibility  algorithms  require  absorption  and  total  attenuation  (c)  in  the  “green”  region  of  the 
spectrum  which  is  the  most  penetrating  waveband  in  turbid  waters  and  is  where  the  eye  is 

highfistorically  a  diver  visibility  derived  from  contrast  transmittance  theory  extended  from 
atmospheric  application  has  been  used  (Duntley  1960).  The  common  formula  for  diver 
visibility  has  been  4/(c+K<,cos(J),  where  _  is  the  viewing  angle,  which  reduces  to  Me  for 
horizontal  diver  visibility.  This  equation  was  derived  for  sunny  conditions,  aflatseasurface^ 
and  for  a  black  target.  From  a  remote  sensing  perspective,  while  Kd  can  be  derived  from 
ocean  color,  c  is  not  directly  obtainable.  To  produce  a  1  Km  resolution  diver  visibility 
product,  NRLSSC  has  used  a  ratio  of  0.017  for  bb/b,  that  has  been  obtained  fromexpenm 
work  in  the  turbid  Gulf  of  Mexico,  and  satellite  derived  absorption  and  backscattering. 

The  coefficient  of  “4”  in  the  above  equation  is  only  an  approximation  based  on  the  ability 
of  the  human  eye  to  detect  changes  in  contrast.  This  number  varies  from  about  3.5  to  >6.  In 
studies  with  a  black  disk  in  coastal  waters  Davies-Colley  (1988)  found  an  average  value  for 
horizonatal  visibility  of  about  4.8  for  many  water  types.  Similarly,  recent  work  using  Navy 
reserve  divers  observing  black  spheres  in  coastal  waters  of  the  USA  resulted  ^  avemgevalues 
that  were  within  15%  of  that  reported  by  Davies-Colley.  Research  underway  by  D^eyeW 
also  supports  4.8  for  horizontal  visibility).  Therefore  we  use  4.8  as  the  coefficient  m 

underwater  visibility  calculations.  A 

In  normal  open  ocean  color  imagery  most  usable  bands  are  m  the  visible  part  of  the 

spectrum  (400-700  nm)  and  have  a  resolution  of  1  Km,  near  infrared  ^ 

present  but  are  reserved  to  perform  atmospheric  corrections  (usally  two  743-753  &  862-877 
for  MODIS  Terra).  The  use  of  NIR  bands  for  atmospheric  correction  in  the  ocean  is 
important  since  the  open  ocean  will  appear  “black”  and  is  used  as  a  “dark  pixel  correc  on 
for  atmospheric  contributions.  However  as  one  moves  mto  the  turbid  coastal  regions  with 
high  sediment  load,  this  assumption  can  be  invalid.  Consequently,  Ihere  can  be  removal  of 
radiance  that  is  actually  ‘not’  the  atmospheric  component  and  can  result  m  negative  radiances 
in  the  near-shore  environments.  This  can  be  a  problem  for  areas  such  as  those  present  in  die 
northern  Persian  Gulf  or  areas  of  high  riverine  discharge.  In  order  to  cojnf)®nfa^ £or : 
effect  NRLSSC  uses  a  coupled  ocean-atmosheric  iterative  model.  This  model  determines  th 
optimum  solution  for  the  separation  of  water  properties  and  atmospheric  contnbuhons  to  die 
total  radiance  at  the  senor.  This  iterative  algorithm  approach  helps  correct  NIR  channels  for 
contributions  due  to  suspended  material  and  improves  optical  property  retrievals. 

^Before  OIF  NRLSSC  processed  daily  images  of  SeaWiFS,  and  MODIS  AQUA  and 
TERRA  for  the  entire  Persian  Gulf  at  a  1  Km  resolution.  The  APS  produced  horizontal 
visibility  (4.8/c),  Kd(532  nm),  absorption  of  phytoplankton  and  dissolved  organic  matter, 
chlorophyll,  and  backscattering.  These  properties  were  placed  on  an  undassified  website 
together  with  other  ocean  color  imagery  properties.  Messages  were  sent  via  SIPRNEI  to 
METOC  officers  stating  that  imagery  and  water  color  properties  of  the  Persian  Gulf  area  were 
available  on  the  unclassified  website.  Image  products  were  posted  for  the  entire  Persian  Gulf 
as  well  as  subareas  including  the  Straits  of  Hormuz,  Qatar,  Central  Persian  Gulf,  and  Kuwait 


(Northern  area).  This  was  a  “come  and  get  it”  approach  and  it  was  up  to  the  user  to  browse 
die  imagery  and  select  which  properties  fit  his  needs. 

There  were  three  problems  that  were  pointed  out  by  those  attempting  to  use  the  website: 
1)  there  was  too  much  information  and  the  uniformed  user  could  not  identify  critical 
information,  2)  the  large  dynamic  range  of  optical  properties  throughout  the  area  caused 
features  in  coastal  areas  to  be  masked,  and  3)  the  selected  areas  and  the  resolution  of  the 
products  did  not  address  the  problem  at  hand  for  EOD  operations.  This  feedback  directed 
NRLSSC  to  concentrate  on  the  northern  Persian  Gulf.  In  addition  products  of  1-2  days  were 
deemed  “too  old”  and  not  timely  enough  for  operations.  To  address  these  points  a  “man-in- 
the-loop”  method  was  implemented  so  that  fleet  users  were  not  required  to  search  the 
database.  Support  personnel  would  manually  quality  control  an  image  and  make  a  judgement 
on  the  “accuracy”  and  interpret  oceanographic  properties.  A  “best  product”  was  put  on  a 
special  secure  website  devoted  to  fleet  users  at  NRLSSC.  The  imagery  selected  was  a  “best 
pixel”  composite  designed  to  give  the  customer  a  “best  representation”  without  interpolation 
necessary  due  to  cloud  contamination. 

OIF  Operations  Commence 

This  revised  website  had  limited  products  (1  Km  diver  visibility)  plus  a  250  m  resolution 
true  color  image  and  was  sent  to  fleet  users  within  the  Persian  Gulf  area.  Feedback  was  quick 
on  the  product.  Commander  Cruiser  Destroyer  Group  1  (CCDG1)  on  the  aircraft  arrier  USS 
Abraham  Lincoln  indicated  they  liked  the  visibility  product,  but  were  more  interested  in  the 
details  seen  in  the  250  m  true  color  image.  As  apparent  in  figures  1  and  2  there  was  more 
detail  in  the  250  m  true  color  image  than  was  being  achieved  in  the  1  Km  products, 
particularly  near  Kuwait.  At  this  time  interest  had  shifted  to  the  Khawr  Abd  Allah  (KAA) 
waterway  (Figure  1,  right-hand  side).  In  this  region  the  1  Km  SeaWiFS  products  did  not  have 
the  detail  desired.  Communications  with  CCDG1  indicated  that  bottom  hull  searches  and 
mine  clearance  operations  would  like  to  know  areas  where  a  20%  change  in  visibility  was 
present.  The  poor  visibility  in  the  KAA  area  made  knowing  regions  with  a  relative  increase  in 
visibility  important  environmental  intelligence.  The  challenge  presented  was  a  request  for 
diver  visibility  products  using  the  higher  resolution  imagery  (i.e.  “can’t  you  make  diver 
visibility  products  at  the  250  m  resolution?”),  and  secondly  there  was  a  request  to  move  even 
closer  to  the  coast  and  up  the  KAA  waterway  towards  Umm  Qasr.  In  addition,  the  time  delay 
for  product  dissemination  was  requested  at  the  “hour  level”  for  operations. 

To  extend  algorithms  as  close  to  land  as  operationally  required  was  well  beyond  any 
previous  use  of  MODIS  imagery  in  a  water  application  scenario.  There  were  several 
difficulties  in  using  the  250  m  imagery  for  a  diver  visibility  product.  While  the  1  Km 
resolution  ocean  color  imagery  has  bands  for  deriving  optical  properties  of  the  water,  there  are 
no  such  bands  at  the  250  m  resolution.  The  250  m  bands  are  in  the  red  (channel  1;  620-670 
nm)  and  NIR  (channel  2;  841-876  nm)  parts  of  the  spectrum.  These  were  normally 
atmospheric  correction  bands!  The  issue  was  to  derive  a  visibility  product  when  there  was  no 
algorithm  for  diver  visibility,  absorption,  or  any  other  ocean  optical  property  using  these 
channels.  The  normal  atmospheric  correction  techniques  could  not  be  used  and  any  derived 
product  would  need  to  be  wavelength  corrected  from  the  red  into  the  green  waveband.  Since 
water  absorbs  strongly  in  the  red  most  “off-shore  ocean  waters”  will  appear  black.  However, 
for  this  specific  customer,  scientific  accuracy  over  the  entire  area  could  be  sacrificed  to  give 
higher  spatial  information  critical  for  on-scene  decisons  at  smaller  spatial  scales. 
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Figure  1.  Persian  Gulf  True  Color  and  Study  area. 
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Figure  1.  Initial  diver  visibility  product  (in  feet)  at  1  Km  resolution  for  the  entire  Persian 
Gulf.  The  yellow  box  indicates  the  larger  “area  of  interest”  and  the  smaller  inset  (right) 
shows  actual  region  where  information  was  being  sought.  Note  the  problem  of  “little 
discemable  details  in  die  operational  area. 


Figure  2.  MODIS  250  M  true  color 


Figure  3.  High  resolution  diver  visibility  product  for  KAA  area. 


Figure  5.  Mission  Tool  for  Special  Forces 


Figure  5.  A  Go/No-go  diver  vulnerability  product  developed  for  Special  Forces  with 
specific  mission  criteria. 


Figure  6.  Modelled  current  field  overlayed  on  Diver  Visibility  Product. 


Figure  7.  ADCIRC-Optics  Overla 


1  1-:  *'  vr  -  , 

li  ;  i 

)  ’,n  .  \ 

fi  .  "*•*.  ”  •• 

!  ril(  'f  ‘  -  r  '  i 

‘v;  J 

|:f : . ;•  4>  1 

t .  v  '■  r: 

■■■''  •  ■  •  ■  '  - '  i  -.A*  . 


